has been studied in manual medicine research. [4][5][6][7][8][9][10][11] Although it requires control of several parameters, LDF is easy to implement and has the potential to advance OMT research. This equipment has been used in pharmacologic studies to evaluate endothelial and neurovascular function in the skin microcirculation. 12 Laser Doppler flowmetry signals can be processed with time-domain or frequency-domain analyses, but no consensus has been reached on the best way to express these data. 13 Thus, the use of LDF presents several methodologic challenges that need to be overcome for an appropriate understanding of the recordings. 
A ndrew Taylor Still, MD, DO, emphasized in his writings the crucial role of osteopathic manipulative treatment (OMT) in maintaining a normal flow of body fluids, especially blood flow, as a means to recover from disease and maintain health. 1 From its inception, the osteopathic medical profession has investigated the OMTinduced physiologic changes to add scientific evidence to positive clinical outcomes. In 1907, Burns 2 published the first article on peripheral sympathetic nervous system (PSNS) reflex changes in animal models and humans. In a literature review, Bolton and Budgell 3 investigated the initial physiologic changes observed after different types of spinal manipulation, mainly through the markers of PSNS function.
The most common noninvasive markers used to investigate changes in PSNS have been indexes of skin blood flow (SBF). Among these indexes, laser Doppler flowmetry (LDF) has been studied in manual medicine research. [4] [5] [6] [7] [8] [9] [10] [11] Although it requires control of several parameters, LDF is easy to implement and has the potential to advance OMT research. This equipment has been used in pharmacologic studies to evaluate endothelial and neurovascular function in the skin microcirculation. 12 Laser Doppler flowmetry signals can be processed with time-domain or frequency-domain analyses, but no consensus has been reached on the best way to express these data. 13 Thus, the use of LDF presents several methodologic challenges that need to be overcome for an appropriate understanding of the recordings.
14 For example, studies have overlooked the specificities of skin sympathetic nerve activity (SSNA) that control SBF, 3 so correlating manual procedures with changes in PSNS func-the use of LDF recordings in manual medicine is relatively new, and outcomes are inconsistent: SMM has been associated with an initial decrease or increase in SBF. 3 These differences could be because of the high variability of the LDF signal, the small sample sizes of the studies, variability in how the data were collected, and inconsistency among researchers in processing and interpreting the LDF signals. The construct validity of using skin conductance and skin temperature as measures of PSNS function has been discussed by Moulson and Watson. 25 The authors concluded that skin temperature seems to be a more sensitive and reliable measure of vasomotor function than PSNS and that skin conductance is prone to variability because it can be affected by psychologic and personality factors. 25 To our knowledge, no such critical analysis of the use of LDF equipment has been published.
Indexes of SBF and SSNA
Because of their noninvasive nature and because they were thought to describe similar changes in deeper tissues, indexes of SBF have been extensively used as markers of PSNS. The initial response to SMM was described as a peripheral vasoconstriction of the arterioles within the dermis and a decrease in SBF leading to a decrease in skin temperature and an increase in skin conductance. 26, 27 However, the underlying mechanisms are not fully understood, and this hypothesis is now consid- vasoconstrictor, vasodilator, sudomotor, and piloarrector; muscle sympathetic activity comprises only vasoconstrictor nerves. 28 This physiologic difference might explain why muscle sympathetic nerve activity, as evaluated with invasive microneurographic techniques, is considered a better marker of PSNS activity than SSNA. 29 Activation of SSNA nerves depends on the thermal environment and the level of physical and emotional activity. 28 Further, the sympathetic vasoconstrictor system is tonically active in thermoneutral environments, but its influence is not substantial because SBF is relatively low at rest. The sympathetic vasodilator system, which is not tonically active, is activated only during increases in internal temperature, such as during exercise or environmental heat exposure. 28 The 
LDF: General Methods and Applications
Laser Doppler flowmetry is a noninvasive technique for monitoring and evaluating red blood cell velocity and concentration, providing an index of perfusion often referred to as flux. The infrared light from a low-power laser is directed via an optical fiber onto the tissue to be studied, and the light scattered back from the tissue is collected by 1 or more other optical fibers and analyzed. 30 When applied to the skin, the infrared light penetrates the tissue 1.0 to 1.5 mm to measure cutaneous microvascular blood perfusion in the dermis (Figure 1 ). 4 Coupled with a reactivity test, which is a mechanical, thermal, electrical, or pharmacologic stressor eliciting a known and the thumb and 1 over the lateral epicondyle 11 or 2 probes over the same forearm. 5 In the lower limb, investigators used 2 probes: 1 over each dorsum of the foot over the dermatome of the fifth lumbar vertebra. 4 In the head, investigators used 1 probe at 1 location: over 1 earlobe, 6 over the left earlobe, [8] [9] [10] or over the midline of the forehead. 7 In these studies, the authors did not discuss the to extrapolate results to the general population.
The positioning of the LDF probes can also influence SBF variability. 14 The epidermis is the most superficial layer of the skin and contains no blood vessels. Its depth varies from 0.05-mm thick on the eyelids to 1.5-mm thick on the palms of the hands and the soles of the feet.
Under the epidermis, the depth of the dermis varies from 0.3 mm on the eyelid to 3.0 mm on the back (Figure 1) .
Thus, the LDF beam may not be able to reach the dermis in certain areas of the body. 34 The studies we reviewed did not address this issue as it pertained to the most common sites used for LDF recordings. 12, 14 The best data are usually obtained when the LDF probe is taped over skin that has the highest density of arteriovenous anastomosis within the 1.0-to 1.5-mm depth range of the laser beam. When SBF was assessed with a single-point LDF probe placed on the finger pad or fingertip skin, the reproducibility was higher compared with forearm placement because of the higher density of arteriovenous anastomoses in the finger pads. Relationship between the overall efferent peripheral sympathetic nervous system, the 4 categories of skin sympathetic nerves, and the 5 components regulating local skin blood flow laser Doppler flowmetry signals record local variations in skin blood flow. These changes might not be a good marker of global peripheral efferent nervous system activity. 
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